Parental care elevates reproductive success by allocating resources into the 28 upbringing of the offspring. However, it also imposes strong costs for the care giving 29 parent and can foster sexual dimorphism. Trade-offs between the reproductive system 30 and the immune system may result in differential immunological capacities between 31 the care-providing and the non-care-providing parent. Usually, providing care is 32 restricted to the female sex making it impossible to study a sex-independent influence 33 of parental investment on sexual immune dimorphism. The decoupling of sex-34 dependent parental investment and their influences on the parental immunological 35 capacity, however, is possible in syngnathids, which evolved the unique male 36 pregnancy on a gradient ranging from a simple carrying of eggs on the trunk 37 (Nerophinae, low paternal investment) to full internal pregnancy (Syngnathus, high 38 paternal investment). In this study, we compared candidate gene expression between 39 females and males of different gravity stages in three species of syngnathids 40 (Syngnathus typhle, Syngnathus rostellatus and Nerophis ophidion) with different male 41 pregnancy intensities to determine how parental investment influences sexual immune 42 dimorphism. While our data failed to detect sexual immune dimorphism in the subset 43 of candidate genes assessed, we show a parental care specific resource-allocation 44 trade-off between investment into pregnancy and immune defense when parental care 45 is provided. 46 47 48 49 3 50 Introduction: 51 Sex-specific life histories have evolved as a consequence of anisogamy; females 52 contribute the large costly eggs and males provide the always available small sperm 53 to reproduction. To gain access to females and to maximize reproductive success, 54 males need to allocate their resources into male-male competition and the display of 55 secondary sexual signals. In contrast, females are striving for longevity to maximize 56 their lifetime reproductive success, which requires a higher investment into pathogen 57 defense (1-5). Females were thus suggested to having a more efficient immune 58 system than males (6). 59 Distinct life-history strategies between males and females can also result in differing 60 investment into the upbringing of the offspring, i.e. parental care. Parental care 61 elevates reproductive success by increasing offspring survival, however, it also 62 reduces prospects of future reproduction of the care providing parent due to a trade-63 off between investment in offspring and investment into other fitness-related traits (7). 64 This can foster sexual dimorphism (8-12) and might also contribute to sexual immune 65 dimorphism (13,14). To understand how parental care impacts sexual immune 66 dimorphism, the comparison of closely related species that differ in their provisioning 67 of parental care is essential. 68 Syngnathids, the teleost family of seahorses and pipefishes, with their unique male 69 pregnancy, represent an ideal model system to assess the relationship between 70 parental care and sexual immune dimorphism. Here, closely related species display 71 different forms of paternal care ranging from a simple attachment of eggs to the male 72 belly to highly specialized placenta-like structures that provide the embryos with 73 nutrients, oxygen and immunological components (15-20). In contrast to most species 74 with conventional sex roles, the unique male pregnancy evolution in syngnathids, gives 4 75 us the opportunity to disentangle sex (i.e., the provisioning of eggs or sperm) from 76 parental care (i.e., pregnancy). This permits to identify if sex, parental care or a 77 combination of both are the drivers for sexual immune dimorphism. To do so, we 78 decoupled the investment in the ability to provide parental care and investment in 79 provisioning of parental care. The first, investment in the ability to provide parental 80 care, is associated to the evolution of specialized tissues and behaviors solely 81 expressed in the care-providing parent and can be assessed by comparing the immune 82 competence of the care-providing sex and the non-care-providing sex during non-83 caring phases. The second, investment in provisioning of parental care is associated 84 with the direct provisioning of care and can be measured by comparing caring 85 individuals (i.e., pregnant) with non-caring (i.e., non-pregnant) individuals of the care 86 providing sex. 87
Fish sampling: 162 We sampled the three pipefish species, Nerophis ophidion, Syngnathus rostellatus and 163 Syngnathus typhle in April and May 2016 by snorkeling in seagrass meadows around 164 the Kiel Fjord (54°44'N; 9°53'E). Upon catching, animals were transferred to our 165 aquaria facilities at GEOMAR, kept at 18°C and 15 PSU (Baltic Sea summer 166 conditions, 14/10 light/dark cycle) in a circulation system, and fed twice a day with 167 artemia, mysids and copepods. All animals were kept for acclimatization to laboratory 168 conditions for two weeks in the aquaria at GEOMAR. Males were randomly assigned 169 to one of the three gravity stages: non-pregnant males, pregnant males and males 170 after parturition. Only males assigned to be sampled at pregnant and after parturition 171 stage were permitted to mate with the females. At mid pregnancy, males were either 172 left in the tanks to be sampled after parturition or sampled immediately. All animals 173 were handled according to the animal welfare laws of Germany, under a permit from 174 the "Ministerium für Landwirtschaft, Umwelt und ländliche Räume des Landes Fish were killed by an overdose of Tricaine mesylate Syndel) and their weight 178 and length were measured. Gills were collected and stored in RNAlater (Qiagen) for 179 candidate gene expression analysis. 180 181 Gene expression assays: 182 RNA was extracted from gill tissue with RNeasy 96 Universal Tissue Kit (Qiagen) 183 following the manufacturers protocol for animal tissues. RNA yield was measured by 184 spectrometry (NanoDrop ND-1000; peQLab) and 200 ng/µl were used for reverse 185 transcription with QuantiTect®Reverse-Transcription Kit (Qiagen). We used primer 186 pairs for immune system-related and metabolism-related genes (16) (list of all primers 187 see S1 Table) . The expression patterns of genes were measured using a Fluidigm-
188
BioMarkTM system based on 96.96 dynamic arrays (GE-Chip) following the protocol 189 attached in S1 Protocol. All statistical analyses were done in R version 3.1.3. GUI 1.65. Statistical analysis of 209 gene expression was done calculating two PERMANCOVA ((adonis (x~ y+K, 210 method="euclidean", permutations = 1000)) with the factors "sex" or "gravity stage" 211 ,respectively and the condition factor (K, weight / length 3 ) as covariable. For each 212 species (N.ophidion, S. rostellatus and S.typhle) and each factor ("sex" or "gravity 
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Genes with a combined contribution to the variance explained by PC1 and PC2 higher 220 than expected by chance (100/ (# of genes)) were included in the visualization. (2) Influence of adaptations for parental care on the 239 immune system: 240 Influences of adaptations to parental care could be seen by quantifying the delta in 241 gene expression between the sex providing parental care and the sex not providing 242 parental care within one species. This delta was then compared across species.
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The species with more intense parental care was expected to have more 244 pronounced life-history adaptations towards the ability to provide parental care in 245 the care-providing sex and was thus suggested to have a stronger sexual 246 dimorphism. As we could not identify differences in gene expression pattern 247 between males (the sex providing parental care) and females (the sex not providing 248 parental care), we could not quantify the influence of life-history adaptations for the 249 ability to provide parental care.
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(3) Influence of parental care provisioning on the immune In Nerophis ophidion, the species with the lowest investment to male pregnancy, 258 multivariate analysis (PERMANCOVA) revealed differential gene expression 259 depending on male gravity stage in the gene group metabolism-related genes 260 (Table 2A) . In the principal component analysis of the metabolism-related genes (Fig 1) Table) . Syngnathus rostellatus, the multivariate analysis (PERMANCOVA) showed 290 differential gene expression in the gene group adaptive immune system genes 291 (Table 2B ). In Syngnathus typhle, the species with the highest investment in paternal 313 pregnancy, the multivariate statistics (PERMANCOVA) showed difference in gene 314 expression patterns according to gravity stage in all gene groups except in 315 metabolism-related genes (Table 1C ). The principal component analyses in groups 316 with differential expression show two main patterns of gene expression, a distinct 317 expression of pregnant males and males after parturition but both not differing from the expression pattern of non-pregnant males found in the groups innate immune 319 system genes and complement component genes. In addition, a distinct expression 320 of pregnant males compared to the other two gravity stages in the gene group 321 adaptive immune system genes.
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Principal component analysis of the gene expression pattern from genes 323 associated with the innate immune system explains a combined variation of the first 324 two principal components of 54.5% split on the principal component 1 (PC1, 37.6%) 325 and principal component 2 (PC2, 16.8%) ( Fig 3A) . The overall gene expression 326 pattern shows differential expression of males after pregnancy from males during 327 pregnancy along the PC1, whereas non-pregnant males did not differ in gene 328 expression compared to both other groups. Six genes have a higher contribution 329 than expected (EC = 100/15 = 6.7%) (S2 Table) . of 83.2%. (Fig 3B) .
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A gene expression pattern differential to the pattern seen in the innate immune (Fig 3C) .
358
The individual grouping according to male gravity stages shows differential gene Table) .
364
Genes with a higher contribution to the respective expression patterns than 365 expected by chance and expressed in a similar way in both S. rostellatus and S. 366 typhle, the two species with intensive paternal pregnancy, could give a closer 367 insight into the direction of gene expression during male pregnancy and highlight 368 the most important genes also for future research. Such genes can be found in the 17 369 in the adaptive immune system gene group as this group has a differential 370 expression depending on male gravity stages in both S. rostellatus and S. typhle.
371
Three genes, cd45, igmlc and ikcytok, have a high contribution to the gene 372 expression patterns in both S. rostellatus and S. typhle. In S. rostellatus (Fig 4A) , We addressed the relationship between sexual immune dimorphism and paternal 392 investment along a gradient of paternal care intensity in three species of sex-role 393 reversed pipefishes. We asked three questions regarding the influence of parental We first hypothesized that in a sex-role reversed system, non-pregnant males would 405 have a higher immunological activity than females, as the males enhance their 406 investment into the immune system to ensure longevity (13). We could, however, not 407 identify sexual dimorphism in the expression of immune system-related genes or 408 metabolism-related genes in any of the three species measured. This is astonishing, 409 as sexual immune dimorphism has been shown in earlier studies with Syngnathus 410 typhle and in the phylogenetically closely-related seahorse species H. erectus (13, 25) .
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Both studies tested for sex differences in immune parameters by measuring the a distinct gene expression in pregnant S. rostellatus but also a fast recovery to a state 471 similar to pre-pregnancy. The differential expression of the adaptive immune system 21 472 genes could be attributed to the close contact with the juveniles. A modulation of the 473 immune system might be necessary to prevent juvenile rejection but also to allow 474 transfer of immune components from the male to its offspring. One of the three genes 475 with high contribution in both S. rostellatus and S. typhle, cd45, is associated with fetal 476 rejection and subsequent miscarriage in human pregnancy if highly expressed (27).
477
Thus, a downregulation of cd45 expression could also be important in syngnathids for
